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0 Introduction to Clean Energy yste s 

° Carbon- egative Energy 
o hat it is and hy we need it 
o How it works (including CES Technologies) 

o Potential projects 

ext Steps 
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® Founded in 1993 b~ former- Aerojet (a GenCor-p co pan~) aerospace er1gir1eers; 
incorporated in 19961 Clean Energ~ S~sten1s/ Inc (CES) 

❖ Multiple locations in California: 

- Corporate Engineering ancl Heaclquarters, Rancho Corclova (Sacramento Area) 

n1be1-Una Test Facilit~~ (fo1-rner 5 ~~\1\/e Bio1T1ass Povver Plant), Bakersfield 

- Placerita Power Plant (forn1er 120 f'v1We CH P Plant), Santa Clarita 

® Over 30 patents issued or1 zero-ernissions ox~-combustlon technologies and povver CLlcles 

❖ Focused or1 developing and deploLling enabling technologies for advanced clean energ~ 

···· Ox~---Fuel (O···F) Pressurized Direct and lridirect Steam Gas Generato1~s and Reheat Con1bustors 

- Cornpact Diffusion Bonded eat Exchangers 

··· 0---F Turbines (OFTs) vvith development partners 
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Clean Energy Systems is the global leader in the development 
and deployment of carbon reducing energy systems 
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Removes existing carboi1 frorn the atrr1osphere 
vvhiLe prociu ng renevv'abLe fuels anc1/or povver 

CES seeks to build a $1 B portfolio of carbon 
negath/e energ(d pLants in California 

California offers a unique cornbination of 
opportunities to deploy CNE 

1 Robust carbon prlclng and trading rk 

2 EnorTnous potenUaL for· onshore car·bon st~orage 
3 Excess of bf om ass \Nastes and idled resources 
/. St·1'"['r·1n rgcr /8(n(nnr··t· ,~,ur' f~ c1r··t"'~ r·1d ('('jfY•r·rit·rY,e'f"' t ([' ! (JW "i' ~ 1 J, ¼1 ,, . \ ., , !, I IC 1 _) ijt--) . d, '--·'--" ! 1 1 !, , ! 1 l ~J ,_ 

carbon future 
5 Process produces valuable water·· '.n drought prone 

agricultural zones 

Reduces the amount of carbon releasecl to the 
atrr1osphere fro111 existing lndustriaL processes 

Accomplished through: 

Clean Steam generation, 

Compact Heat Exchange soLuUons to enatJle efficient 
renevv'abte energy and cJean povver production, 

Grid-Scale Energy Storage, and 

Zero-Emissions Power production 

In ':'.'.\ ··1 cl 1t1(1 1"" CE··~ c1f·f·er·c- enn if"" eer·i r·1 0, c-er·, /IC'"''~ ':'., r·1 ri 1 ! Cl U . 1 1 , i l, __.. ~., , ~- ,) , 1 ! :::j n l ~- ~- 1 i ...J ,) ,, V ,_t:; '.:) 0 !-., 

legacy aerospace vv·ork to c1rhle technotOQhJ 
ad\lancerr1ents that can be incorporatecl into its 

prociucts 
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· Carbon removal refers to any process or system capable of removing and sequestering carbon fron1 the 
air over lts life cycle 

o Er1ables clean up of emissions that have accumulated ir1 the atrnosphere 

· BloCCS refers to any bioenergy process that captures ar1d perrnanently stores carbon safely 
underground through carbon capture and storage (CCS) 

o Also knovvn as BECCS (bioenerg~ with carbon capture and storage) 

· There is a need for cost effective/ scalable technologies that can be readil~ deplo~ed in order to rneet 
global climate goals 

o BioCCS s~sten1s hold vast potential to r~e ave the harmful greenhouse gas carbon dioxide (CO2) 

from the atn1osphere vvhile producing electricity and/or clean fuels 
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· The \Norld has set ambitious goals to limit 
global temperature 1~ise to less than 2 deg, C 
to help stave off the det1~imer1tal effects of 
global climate change 

· Societies across the globe are i1T1plementing 
strict, long---te1-n1 policies to reduce green--­
house oas en1issions includino carbon taxes -~ ..., 

ovveve1-, according to the UN's IPCC, vve vvill 
fail to meet this target as greater than 100 
e1T1issior1s 1-eduction is required 

· In order to cease currerit global climate 
trends, vve not onlLl need to reduce carbon 
e1Tlissions, but reverse the1T1 

~ The only solution is carbon~negative 
plants deployed on a grand scale 

~ However there are no carbon negative 
energy plants operational today 
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Multiple factors aligned to make deployment profitable 

Revenues for cc1rbon capture cffKl storage (CCS) hc1ve gone fro1T1 $20/ton to 
$250/ton for seLect c1pplicc1tions (e.g. CN E) in the pc1st l:Jeclr 

o Federal Proc1uction Tc1x Credit increased frorn $20/tor1 of CO2 
sequestered to $50/ton in Feb~ 2018 

o California's LCFS progrc1n1 extencied through 2030 c1ncJ litigc1tion 
resolvec1; obUgatior1s for trc1nsportc1tion sector clre "tJiting" vvith credit 
prices exceedir1g $180/ton anci projected to increase nec1r $215 cc1p 

· At the same time, the biornass povver industi-l:J in Califrn-nia has collapsec1 
c1ue to co1T1petition fro1T1 \Niric1 and solar for nevv povver coritracts 

o Novv strc1nc1ec1 assets cc1n onlld be used for aLternc1tive purposes 

o Feecistock pricing coU.c1pse; long~terrn fuel contrc1cts c1vaiLc1tJle 

Enor;11ous potential for CCS in CaUforr1ic1; projects buiLd on knovvledge 
gainec1 frorn pc1st efforts (e.g. VVESTC/\RB) 

Required CES techr1olog(d has beer1 tJui!t anci tested: No TechnolDQld Risk 
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rc::s c- "t ~-, 'N ·~t·\ C::-, r ('[NiE .. ·) l· .. • .. - C'"'< • ,~t··, !-1' ' 'Cf· le • .. h-• .. - . r~c"f·'pr~ t1 ) ~ j ~ - ,~ tf c·~ . c Tf 'c ,-L-- -df Ju[ I i egd I ✓2 Lf 1er d~ - ' p elf 1LS Lbc \Ncl::::i C LIOrnas_, ue ,) L1 ldL are Jcbl L;~J C r-ruc uce d ::::iyn 1le_,1s ga_,, 1lb 
11 SlJr1gc1s" is then used to produce renevvatJLe nc1tural gas (RNG), hycirogen (Rf .. ·1:), anci/or electricity vvith Full carbon 
capture using CES proprietar~ oxy-CCHT1tJusUon technology. B~ using el that consurnes carbon over its Ufetirne 
(biornc1ss) anc1 safel~ anc1 per;T1c1r1entLy storir1g clll proc1ucec1 carbon c1ioxide (CO), the process results in net-negative 
cc1rtJon efT1issions, effectively rernoving harrn l greenhouse gases frorn the aUT1osphere. 

S!MPUF!ED SCHEMATIC 

Carbon Dioxide {CO2} 

Greenhouse Gas 

················· Waste 
Biomass 

•••• Nitrogen 

Oxygen 

Hydrogen 
Depleted Syngas 

Renewable ~ 
NG 

Renewable ~ 
Hydrogen 

Captured 
CO2 

. Electricity .......... ❖ 

Safely and 
permanently stored 

Existing 
infrastructure can 
be used for now 
negative emissions 
vehicles 
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Base Case CNE Plant 

· 300 TPD bion1ass feedstock; Ag \Naste, 
forest management, RDF, MSVV, etc 

o 10-·15 trucks per c1a~ 

· Produces approx 5,400 kg/dald 
renevvable h~~drogen (R 

o Enough to Fuel - 1,000 FCEVs 

· Captures arid pern1anentlld sto1-es 
app1-ox 48:5 tonne/dald of CO2 

o Equivalent to rernoving over 31,500 
passenge1- vehicles f1-om the roads 
each ~~ear 

· Electricit~ produced covers plant loads 

· Repeatable and scalable 

CNE Plant Options 

· Abilitld to produce rene\Nable natural gas 
(Rf\JG) in place of, or in addition to R 2 

o Up to clpprox 3,200 f'v1 !\1 BTU/clclld 

o Hovvever, reduces the total arnount 
of CO 2 captu1-ed and strn-ed 

· Same plant can produce up to 6 [Vl\/Ve 
(net) renevvable povver 

o Sc1iT1e cliT10LHlt of CO2 captured 
anci stored but no longer 
r-'r·cy-11 lC'""'- c'•t .. i.-)pr· r'""rle' ,,;atJle f·L1el ,­rJ , u ,.. ,t:.::, J J 1 ·- t: _ v "' .. ., , _.::, 

(RJ .. I), RNG) 
/... 
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Derived f1-orn the Arnerican space 
program, CES combustior1 s~ste1T1s 
bu1-n nearlLl pure ox~ger1 (instead 
of air) vvith fuel such as natu1-al ga 
asso ated gas, s~~rigas, high---[02 

cor1ter1t natural gas, or Liquid fuels, 
For a cleaner, more efficient 
co1T1bustion process 

The intimate rnixirig of gases via unique 
i P creates combustion vvith onlLl 
\Nater (high pressure steam) and CO2 

as its tv✓o produc vvhich are easilLl 
sepa1~ated for captu1-e and storage 
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I 

CES 12n DSGG; 
Installed and tested at KPP 

Permanent 
sequestration, 

or sold for use in EOR 

Recycle Water 

«~~~~~~~~~~~~~~~~~~~~{ 

f' &,,~ ».,,'% ».,,~ ::..,,'%: ::;:..,,~ &,,~ ».,,'% -:..,,'%: ::..,, ..... ~ ::;:..,,~ &,,~ ».,,~ -:..,,'%: ::..,, ..... ~ ill 
~ ::: Technologies 

CES OFT-J79; 
Installed and tested at KPP 

Excess 
.-,,ttf,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,ttif,,-. Water 
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I 

Compact system produces only steam 
and high purity CO2 (when burning a 
hydrocarbon based fuel), and massive 
amounts of thermal energy 

- Current designs vvith 10 crr1 
(It inch) or 30 cm (12 inch) 
internal diarr1eters 

···· Rance From 10 to 200 ~✓1Vvt ..., 

delivering te1T1peratures up to 
l6:50 °C (3,000 °F) and capable of 
p1-essures over 110 bar (1,600 psi) 

· \Nate1- injection and jacket cooling 
incorporated For long life 

· Standalone instaU.ation-incLucies 
control and rnor1itoring systern 

· Ramps to Full po\Ner in seconds 
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Fully containerized oxy-combustion 
system for easy transport and installation 

® Combustor: 2 rneters (6 feet) long 
with 30 crn (12 inch) internal diameter 

® Container: 3.:3 n1eters (11 feet) x 3.3 
meters (11 feet) x 12 1T1eters (40 feet) 

· Fits on star1cic1rci shipping vehicles 

· Designed and built to ASM E Sectior1 
VI 11, Division 1 

· Full~ automated fire detectior1 
and supp1-ession s~stem 

· incLuc1es video rnonitorir10 and 
,J 

surveillar1ce 

· MinilTlizeci install tin1e and cost 
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I 

With development partneffsf turbines 
designed for high-quality steam and 
high C02=content drive gas 

CurTr:ntl.s two turbines retrofit; rT1odified 
For pressurizec1 steam/CO2 QciS 

Removed r:ront-end compressor section 
and reptaced th steam/CO2 intet cmd 
r-h1~,ust· k-:,1 ~inr·e c;ll 1·~·t01~1~1 - -· Ud~G k •J::;i:> ~· . 

Opt}rate at gas turbine conditions 

GE J79 retrofit to OFT =J79 

SGT-900 (W251 812) retrofit 
to OFT-900 

Future potential for new 
turbine designs matching 
temperature/pressure 
profile of CES direct steam 
gas generators 

OFT-J79 
Oxy-Fuel 

Turbine 

OFTM900 
Oxy-Fuel 

Turbine 

partners 
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I 

COMPACT PLATELET HEAT EXCHANGERS (CPHX) 

Diffusion bonded heat exchangers enable next generation power systems 
and thermal energy storage (e.g. concentrating solar power) 

· CapalJLe of handling extreme operating terr1peratures (~200 to 900 °C) 
and pressures (600+ bar) 

· 4 to 6 tirnes srnaller and Lighte1- than conventiorial excharigers 

· Unique designs can take an\J shape or size 
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I 

CES 1 Kimberlina Power Plant 

· Located in the heart of the California's Central ValleLl 

o Surrounded LlLl fruit anci rHJt orcharcJs 

o Sitting on top of a V\/ESTCARB identifiec1 CO2 storage site, cffKl 
betvveen heclVLl and Light oil fielc1s in neeci of stec:1111 clnci CO2 

· Currentl\;d home to CES' commercial and test equipment 

o VVorLd's Lc1rgest pressurized O~F co111busUon test facilitLl 

· RH 2 to be p1-oduced and sold irito transportatior1 section, through 
California refirieries to 1-educe the ca1-bon intensit~~ of existing fueLs 

· Currentl\;d idlec1 300 PD birn11ass plc1r1t; requires instaU.ation of 
bioffFJss gasifier, oxugen supply (;\SU), ancJ Rl···-1 2 separc1tion syste111s 

· CO2 to be sequestered on---site 

o Alternate option: CO2 sales to nearbu oil producers 
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I 

CESff Placerita Power Plant 

· Former 120 M\JVe combined heat and povver plant offers substaritial 
infrastruc re, 1T1akir1g repovve1- option att1~active 

· R 2 to be produced ancl solcl into transportation section, through 
California refineries to reduce the carbon intensit\;d of existing fuels 

· Requires installation of nevv biomass handUrig and gasifier s~sterns, 
ox~gen suppl~ (ASU), RH 2 separation SLlsten1 and CES povve1- block 

· CO 2 storage not available on le; CO2 piped to nearb~ storage sites 
for permanent storage or for use in enhancecl oil recover\J 

· Alte1-nate option RNG production and/rn- energ~~ storage to serve the 
greater Los Angeles area 
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· At Least 15 idle biomass povve1- plants ill 
California toda~~ (>375 ~✓1Vv), vvith more 
ariti pated to close ill the cornirig [dears 

· A comparisoll of idle bion1ass facilities to 
California's sedin1entar~~ basiris shovvs 
excellellt potelltial for ca1-boll capture and 
sto1-age arid possible use in enhanced oil or 
gas recover~~ (EOR/EGR) 

· Several benefits of retrofit cleplo[drnent strateg[d 

Sedimentary Basin Status 

Basin with Carbon 
Sequestrntlon Potentlat 

Basins lacking Carbon 
Sequestration Potential 

Offshore Basins with Unkown 
Carbon Sequestration Potential 

Map Courtesy ofWESTCARB 

Other Reserves 

■ Natural Gas Field 

Oil Field 

Facility Status 

Idle 

Facility Type 

Standalone 
Generator 

• Cogeneration 
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· Revitalization of existing biomass plants/ supporting 
econornic grovvth ar1d jobs 

· Eli inatlor1 of crlter·ia pollutar:t ar1d CO2 greer1house gas 
ernissions - in1proving local air quality 

· Reduction and possible ell inatlon of open field burning of 
agr·icultur·al \Nastes - solvlr1g vvaste r11anager11ent issues 

· Decarbonlzation of the Califon:ia tr·ansportatior1 sector 

o Electricity or h~drogen fron1 CN E plants rernoves -~- 3 lbs 
of CO2 fro the at osphere for ever~y n1lle driven 

· Helps address tree mor~tality and vvlld fire crisis in the state 

· Absolute necessity to n1eet the wor-ld
1

s goal of less than 2 °C 
global temperature rise 
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CES Car·bon Negative Energu (CNE) plants have the poter:tlal to ger1er·ate r·enewable power ar1d/or fuels 
(RH 21 RNG) vvhile effectlvelu removlr1g n1lllions of tons of CO2 from the at osphere 

o Plants can be replicated/ scaled/ ar1d conflgur-ed to sult specific site r1eeds 

CES plans to develop a portfolio of CNE plants acr·oss Califon1la r11aking use of curTer:tllj idled bior11ass 
facilities; revitalizing valuable assets and i proving the state

1

s air qualitlj 

CES ls lr1 the pr~oject develop ent stages of its first CNE plant at its Kimberllna facllitlj in Bakersfield/ including 
securing feed and offtake agreements! 1cking off permi ng activities/ etc 

Next steps include: 

o Continue to explore best options for Placerlta Povver Plant prior to initiating project developn1ent 

o ldentifljl locate/ and secure addltior1al sites for CNE plar1ts 
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For more information, please contact CES' Business Development team: 
Rebecca Hollis, RHollis@CleanEnergwSwstems.com, or 
Josh Perron/ JPerron@CleanEnergwSwstems.com 
Office: + 1 916-638-7967 
www.CleanEnergwSwstems.com/cne 
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